Introduction
Abundant of waste rubber have created huge environmental problems because all waste rubber is non-degradable material. Conventional method of disposing waste rubber such as discarded in a landfill and burning was not suitable as it causes severe environment pollutions and uneconomical [1] . The recycling of waste rubbers is an important process, both from the point of view of utilization of resources and prevention of environmental pollutions [2] . The utilization of waste material also is an important factor in the expansions of the raw material basis of industry, the reduction of demand of primary materials and economisation of financial resources [3] . An approach to reutilization of waste rubber can be done by mechanical [4] and chemical processes [5] . However, several researchers [6, 7] tend to reutilization of waste rubber by mechanical process, as it's more cost effective compared to chemical process.
Reutilization of waste rubber glove in mixtures with virgin rubber [8] [9] [10] has been reported. The purpose of this study is to reveal the curing characteristics and swelling behaviour of virgin acrylonitrile butadiene rubber/recycled acrylonitrile butadiene rubber (vNBR/rNBR) blends. Three different sizes of NBRr particles, 150 -350 μm, 2.0 -15.0 mm, and 5 -10 cm were used in this study. vNBR/rNBR were prepared with five different composition ratio which are 95/5, 85/15, 75/25, 65/35, and 50/50. The properties such as cure characteristics (t 2 , t 90 , ML and MH) and crosslink density were reported.
Experimental
Materials. Virgin acrylonitrile-butadiene rubber (vNBR) was purchased from JSR Corporation Sdn. Bhd.. The rNBR glove was supplied by Top Glove Sdn Bhd, Malaysia. Other compounding ingredients, such as N-cyclohexyl-2-benzothiazyl sulfenamide (CBS), zinc oxide, stearic acid, sulphur and processing oil were all purchased from Anchor Chemical Co (M) Ltd. Table 2 . The rubber was pre-blended and the mixing procedure was carried out in accordance with ASTM D 3184-89 [11] using a two-roll mill at room temperature. Cure characteristics were studied using a Monsanto Moving Die Rheometer (MDR 2000) according to ASTM D 2240-93. Samples of about 4 g of the respective compounds were used to test at vulcanization temperature (160 o C). The rubber compounds then were compression molded at 160 o C with a force of 10MPa using a hot press according to respective cure times, t 90 , determined with the MDR 2000. Table 2 : Formulation for vNBR/NBRr blends Cross-link Density Study. Cure test pieces of dimension 30 x 5 x 2 mm were weighed using an electrical balance and each test piece was immersed in a glass vessel containing toluene (30mL) at 25 o C. The vessel was kept in the dark to prevent oxidation. The samples from the glass vessels and the excess toluene were removed by lens blotting paper. The samples were then kept in a closed vessel to prevent toluene evaporation and the weights of the swollen samples were determined. The sample was then re-immersed in the toluene and the process was repeated until a constant swollen weight could be obtained. The sample was de-swollen in a vacuum at room temperature to a constant weight in order to find the volume fraction of toluene absorbed in the rubber. The swelling data were utilized to calculate the molecular weight between two cross-links (Mc) by applying the Flory-Rehner equation [12] :
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Where ρ is the density of the rubbers, V s is the molar volume of the solvent (toluene), V r is the volume fraction of the swollen rubber, χ is the interaction parameter of the rubber, and Q m is the weight swollen ratio of the vNBR/rNBR blends in toluene. The degree of cross-linking density (v) is given by
The following constant values were used to determine the degree of cross-linking density of vNBR/rNBR: 
Results and Discussion
Cure Characteristics. Fig. 1 and 2 shows the effect of rNBR on scorch time, t 2 , and cure time, t 90 , of vNBR/rNBR blends. It can be seen that the scorch time, t 2 , decrease with increasing rNBR content. Various researchers [13, 14] who studied the cure characteristics of the rubber compounds containing recycled rubber observed that sulphur migrates from matrix into the recycled rubber. Rigbi, [14] reported the unreacted accelerator complex migrates from the recycled rubber into the matrix. Consequently, with increase in rNBR content, the accelerator concentration in the blend increases and this accounts for the decrease in t 2 . At similar blend ratios, vNBR/rNBR (S1) exhibited the shortest t 2 values. This observation might be due to the lower concentration of sulphur being able to migrate from matrix into the small size of rNBR particles. However, the cure time, t 90 , of vNBR/rNBR blends increased all over the blends ratio. The enhancement of cure time can be cause by filler-related parameters, such as particle size, surface area, moisture content, surface reactivity and the metal oxide content [15] . The longer t 90 of vNBR/rNBR blends possibly was due to the other chemical composites in rNBR (such as stabilizer, heat sensitive agent, colourant, etc.), which might interact with curatives and delay the total curing process. At similar blends ratios, vNBR/rNBR (S1) exhibits the shortest t 90 values. Lower interaction might be occurring between the additives inside the rNBR with curative due to the small size of rNBR particles. Fig. 3 shows that, the minimum torque (ML) increases with increasing the content of rNBR in the blends. This result indicates that the processability of the blends become more difficult with the increasing of rNBR content. This is due to the agglomeration of rNBR particles which is already crosslinked in the vNBR matrix. However, at a similar blend ratio, the vNBR/rNBR (S1) blends exhibit the lowest ML. This indicates that, the blend could be processed more easily because of low agglomeration of rNBR occur inside the blend. Similar trend can be seen for maximum torque (MH) in the Fig. 4 . The maximum torque, which are measurement of the modulus increases with increasing of rNBR content in the blends. rNBR are already crosslinked and do not easily to flow in the vNBR matrix. The increase of rNBR content will reduce the flow and consequently increase the MH. As the rNBR size increased in the vNBR/rNBR blends, the flow of the blends reduced because of lower surface area contact between rNBR with vNBR, therefore increasing the MH. Crosslink Density. Fig. 5 show the effect of rNBR content on the crosslink density of vNBR/rNBR blends in toluene (after 48 hours) respectively. It can be seen that the crosslink density increase with increasing rNBR content in the vNBR/rNBR blends. Generally, rNBR and vNBR are both polar rubbers. With the addition of rNBR in vNBR/rNBR blends, compatibility between these rubbers might occur due to the interaction between vNBR and rNBR which increased the crosslinking rate. At the similar rNBR ratio, the results indicated that the penetration of the toluene into rNBR was reduced with the increasing size of rNBR particle. 
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Conclusions
The following conclusions can be drawn from this study:
1) The t 2 , are decreased with increasing rNBR content in vNBR/rNBR blends. At similar blend ratios, vNBR/rNBR (S1) exhibited the shortest t 2 values.
2) The t 90 , are increased with increasing rNBR content in vNBR/rNBR blends. At similar blends ratios, vNBR/rNBR (S1) exhibits the shortest t 90 values.
3) The ML and MH are increased with increasing rNBR content in vNBR/rNBR blends. However, at a similar blend ratio, the vNBR/rNBR (S1) blends exhibit the lowest ML and MH.
4) The crosslink density increase with increasing rNBR content in the vNBR/rNBR blends. However, at the similar rNBR ratio, the results indicated that the penetration of the toluene into rNBR was reduced with the increasing size of rNBR particle.
